. Lectin histochemical study of the quill sebaceous gland in the dorsal skin of the Sunda porcupine (Hystrix javanica). Biodiversitas 20: 2677-2684. In the Sunda Porcupine skin, the sebaceous glands of the quill follicles are multi-lobed alveolar and better developed than those of hair follicles. Using lectin histochemistry, we have studied the distribution of sugar-binding in the sebaceous glands of quills in comparison with those of hairs in six adult Sunda Porcupines. The skin samples from the thoracodorsal and lumbosacral regions were collected by biopsy procedure and processed for histology, histochemistry, and lectin histochemistry. The results showed that the lectin binding patterns are similar in secretory acinar parts of both types of sebaceous glands. The acini and excretory duct contained neutral carbohydrate and sugar residues. The acini also contained alpha D-mannose sugar residue, while the non-secretory excretory duct and debris in the lumen contained alpha-D-mannose, alpha-L-fucose, and α>β-N-acetylgalactosamine, and complex type N-glycan (oligosaccharide) sugar residues, as well. The present findings allowed us to suggest, that in Sunda Porcupine functions of the sebaceous glands of quills are more complex and active compared to those of the hairs.
INTRODUCTION
It is well known for some mammal species, that carbohydrates and glycoconjugates are present in secretory part of specialized sebaceous glands, such as the infraorbital glands of the barking deer males Muntiacus muntjak (Adnyane et al. 2011) , the intermandibular gland of the lesser mouse-deer Tragulus javanicus (Agungpriyono et al. 2006) , the interdigital and preputial glands of the Japanese serow Capricornis crispus (Atoji et al. 1988; , and the glands of human skin (Wollina et al. 1989 ). Most of sebaceous glands are associated with hair follicles and secrete the sebum to lubricate fur, and haired skin (Pochi 1982) . In humans, the sebaceous glands display a strong reaction to wheat germ agglutinin (WGA) and concanavalin agglutinin (ConA) in peripheral acinar and infundibular cells, while enlarged central sebocytes have the weaker reactions (Wollina et al. 1989 ). This pattern suggests that the glycan plays specific role in lipogenesis (Atoji et al. 1989) . Several studies exhibit that glycogen particles are distributed in the cytoplasm of human and mammalian sebaceous glands (Bell 1974; Jenkinson et al. 1985) .
The determination of the glycoconjugates' patterns can be performed by labeling their available carbohydrate residues with lectins (Sharon and Lis 1975) . Using histochemistry of lectin, presence of specific sugar residues is demonstrated in sebaceous and apocrine glands associated with hairs (Tsukise and Meyer 1983; Ookusa 1984; Tsukise et al. 1985) .
The Sunda Porcupine (Hystrix javanica F. Cuvier, 1823) (further the porcupine) is an endemic Indonesian rodent, and member of the Hystricidae family. These wild porcupines inhabit Java, Bali, Madura, Sumbawa, Flores, Lombok and Tonahdjampea islands (van Weers 1979) . As other porcupine species, it has specific thick and long quills, which differ from short and thinner spines of most mammal species. The quills of all porcupine species are larger, stiffer and stronger than its hairs and act as means of self-defense from predators or other threats (Mohr 1965; Myers 2001; van Weers 1983) . Previously we exhibit that the appearances of dorsal skin surface of the porcupine is wavy due to protrusion of quill follicles in the form of clusters and varying in size according to the location and quill type (Prawira et al. 2018b ). The quill follicles are known as the dominant structure in the skin of this species (Prawira et al. 2018a ). In addition, the porcupine dorsal skin lacked sweat glands, while sebaceous glands lie under the orifices of hair's and quill's follicles. Sizes of the sebaceous glands of quills were relatively larger compared to the hairs' glands. Glandular lobules of quill sebaceous gland were composed of well-developed sebaceous acinar cells with lipid vacuoles varying in size (Prawira et al. 2018b ).
Although we know several studies of lectin binding in sebaceous glands, all glands studied are specific skin organs (infraorbital, interdigital, preputial glands) which have specific topography and structure. Studies of lectinbinding in the sebaceous glands of hair follicles, conducted by Wollina et al. (1989) , are devoted to human hairs, however, in the porcupine, size of quills and its follicular structure are quietly different compared to the hair follicles. That is why, in the present study, we examined the standard carbohydrate staining and lectin histochemistry in order to investigate the distribution and pattern of glycoconjugatebinding site in the sebaceous glands of two different types --hairs' glands and quills' glands.
MATERIALS AND METHODS

Animals and histology processing
We used six adult porcupines (three individuals of each sex) weighing 6-8 kg. All procedures were performed in accordance with the ethical approval of The Ethical Clearance Subcommittee of Life Science, Indonesian Institute of Sciences, No. B-12695/K/KS.02.04/XII/2017. These porcupines were sampled by skin biopsy and the procedures were conducted under anesthesia (10% HCl ketamine and 2% Xylazine HCl with a dose of 2.5 mg/kg BW and 1 mg/kg BW). The skin biopsy samples were taken from two dorsal regions --thoracodorsal (TD) and lumbosacral (LS).
These samples were fixed in 10% buffer neutral formalin (BNF) for seven days. They underwent a standard paraffin histological procedure. The paraffin blocks were cut serially at 5μm of thickness and the sections were stained by several methods. The hematoxylin and eosin staining method was performed to evaluate the general structure, and also with periodic acid Schiff-reaction (PAS), and Alcian blue (AB) pH 2.5 method to evaluate the neutral and acid carbohydrates. The data obtained were analyzed descriptively.
Lectin histochemistry staining
Dewaxed sections were incubated with 0.3% H2O2 in methanol for 10 min at room temperature and then washed with Tris-HCl Buffer pH 7.58 containing 2% normal goat serum for 30 min at 37 ºC. The sections were then incubated overnight at 4 ºC with six biotinylated lectins (Table 1) (Vector Lab. Inc. Burlingame, USA). The sections were washed with Tris-HCl Buffer pH 7.58 and incubated with an ABC (Avidin-Biotin Complex) kit (PK-6100, Vector Lab. Inc. Burlingame, USA) for 30 min at 37 ºC. Visualization of the reaction product was performed by incubation in 3,3¢-diaminobenzidine for 2 minutes. Sections were counterstained with hematoxylin Gill III, and dehydrated in graded ethanol, cleared in xylene and mounted with Entellan®. They were observed under the light microscope (Olympus CX 31, Japan) and compared the intensity by a qualitative scoring graded as negative (-), very weak (+), weak (++), moderate (+++), strong (++++), very strong (+++++). In the present study, we used small intestine sections from same species as the positive control. Subsequently, the negative controls were skin sections with Tris-HCl buffer treatment as the substitute of lectins. The data were analyzed descriptively.
RESULTS AND DISCUSSION
Carbohydrate contents
The sebaceous glands (further glands) of quills of the porcupine were large and composed of many lobes and excretory ducts ( Figure 1 ). The wall of duct was lined with the keratinized and stratified epithelium and became thinner, about 1-2 cells of thickness in the acinar part. Additionally, the lobes and ducts contained sebocytes at various stage of development (Figures 2 and 3) . In contrast to the gland of quill, the glands of hairs are very small and are composed of only a few small acini ( Figure 1 to Figure  3 ). In this study, the glands of hairs were not observed in complete structure due to their small size. The lumen and the wall of the excretory duct were not observed well. The result of PAS staining showed numerous neutral carbohydrates contained in the various parts of the gland (Table 2) . Neutral carbohydrates were scattered abundantly in a wall of quill follicle canal and excretory duct of a gland if compared to those of a hair follicle (Figure 3) . Moreover, the peripheral (lying on the membrane) sebocytes were PAS-positive in both types of glands (Figure 1) . In contrast, AB pH 2.5 was negative both in the quill and hair glands (Figures 2 and 3) . A positive reaction for AB was observed in the connective tissue around the glands (Figures 2 and 3) . No differences were observed between the TD and LS regions. 
Lectin-binding distribution
The glands showed positive reaction in five out of seven lectins used in this study. Con-A, UEA, SBA, PHA-E and PHA-L were positive with various intensities in several parts of the gland --acini, excretory duct and connective tissue (Figures 4 and 6) . No positive reaction in the gland was observed for other lectins, DBA and SWGA ( Table 2 ). The lectin binding pattern in the gland of hair was only observed in the acinar part due to its small size ( Figure 3) . The lectin binding pattern was similar to the gland of quill with slight differences in ConA and UEA-I binding in the acini (Table 2) . No differences were observed between the TD and LS regions. In present study, we found that ConA binding intensity in male quill gland is slightly stronger than those of female.
Con-A which represents α-D-mannose sugar residue, displayed affinity in almost part of the gland --canal of quill follicle, excretory duct, lobes of acini. Strong affinity was observed in the canal of quill follicle and in the excretory duct, while the secretory part, the acini, showed moderate to strong affinity. The epithelium of the canal and excretory duct showed reactivity in the cytoplasm and peripheral cells and keratinocytes in the basal (stratum basalis), suprabasal (stratum spinosum) and superficial (stratum granulosum and stratum corneum) epithelium ( Figure 6) . Meanwhile, the acini showed various reactivity in the membrane and lipid vacuoles of sebocytes. The developing sebocytes indicated strong affinity, while enlarged and matured sebocytes displayed decreased affinity to moderate. In addition, the debris found in the lumen of the excretory duct was positive to Con-A ( Figure  6 ).
UEA and SBA presented affinity in the non-secretory part of the gland, which was the canal of quill follicle and excretory duct ( Figure 6 ). In general, the affinity of UEA was stronger than SBA (Table 2) . Both UEA and SBA presented positive affinity in the suprabasal and superficial layer of the epithelium. The affinity was stronger in the upper part, but weaker in the lower part of excretory duct ( Figure 6 ). The debris in the lumen of the duct also reacted to the lectins ( Table 2 ). The affinity of UEA and SBA to the excretory duct indicated that the duct contained α-Lfucose and α,β-N-acetylgalactosamine sugar residues.
PHA-E showed positive binding reaction in the connective tissue of the skin, including the fiber in the gland and peripheral sebocytes, while PHA-L binding reaction was positive in a small part of the excretory duct only. Superficial layer of the epithelium in the excretory duct and debris in the lumen were weakly positive to PHA-E and PHA-L binding (Figures 5 and 6 ).
Discussion
Mainly, the sebaceous glands are usually associated with hair follicles (Montagna 1974) . Quills and spines are structural modification of the hairs, which are found in some mammals, including porcupines, spiny mouse and rats, hedgehogs, tenrecs and echidnas (van Weers 1979 (van Weers , 1983 Zherebtsova 2000) . Previous research on Hystrix javanica and Erethizon dorsatum, the new world porcupine, revealed that the sebaceous glands are also associated with the quill follicles, and have a larger size than those of the hair follicle (Prawira et al. 2018b; Chapman and Roze 1997) . This suggests that the function of the glands to lubricate quills is greater than that of sebaceous glands in hair follicles.
The sebaceous gland is developed from the epithelial layer of the epidermis in the hair follicle called the pilosebaceous unit. The excretory duct is composed of a layered and keratinized epithelium, which originates from the outer root sheath (ORS) of the hair follicle (Knutson 1974) . Thus, the characteristic of ORS cells is still found in the excretory duct epithelium of the sebaceous gland of hair follicles, which represents the presence of abundant glycogen droplets (Parakkal 1969) . Similar structures and patterns of neutral carbohydrates' distribution in the excretory duct were found in the Sunda Porcupine sebaceous glands of quills follicle. In contrast, although acid carbohydrates' content can be detected in several parts of the sebaceous glands, such as pig's eyelid gland (Yasui et al. 2006) , the presence of acid carbohydrates was not observed in the quill gland of the porcupine in the present study.
The process of sebaceous gland secretion involves the regeneration and differentiation of peripheral cells in sebocytes containing lipids (Montagna 1974; Thody and Shuster, 1989) . A sebaceous gland in a human pilosebaceous unit is known to changes in the character of glycoconjugates. Enlarged and matured sebocytes in the center of the acinar area have decreased glycoconjugate intensity compared to peripheral regions (Wollina et al. 1989) . The pattern suggested that glycan plays a role in sebocytes' development and maturation, especially in lipogenesis (Atoji et al. 1989) . In present study, such pattern was also found in the gland of quill of the porcupine.
Alpha D-Mannose is found in various glycoconjugates (Mersmann et al. 1976 ). Mannose is known as the main monosaccharide component in N-glycans and relies on the availability of Mannose-6-Phosphate, Mannose-1-Phosphate, Guanosine diphosphate mannose, and dolichos phosphate mannose for synthesis of lipid-linked oligosaccharides (Sanyal and Menon 2009; Aebi 2013) . This is might be the reason for the wide distribution of Con-A affinity in sebaceous glandular tissue. L-fucose is a monosaccharide that is often a component of many N-and O-linked glycans and glycolipids produced by mammalian cells (Moloney and Haltiwanger 1999) . Alpha-L-Fucose is known to be found in the differentiated epidermal layer, st. spinosum and st. granulosum (Nemanic et al. 1983) . The presence of this sugar glycan in the excretory duct of sebaceous glands might be indicated to play a role in differentiation of the epidermal cells since the excretory duct originates from the ORS of a pilosebaceous unit (similar to the quill follicle in the Sunda Porcupine skin). The presence of N-acetylgalactosamine in the glandular duct epithelium is thought to play a role in the attachment between keratinocytes (Tenno et al., 2007; Brockhausen et al. 2009 ).
The lumen of excretory duct and center portion of the matured sebocytes generally contain lipids, cell fragments, fragments of keratinocytes and microorganisms (Montagna 1974) , resulting in some parts reacting positively with lectins.
Alpha D-Mannose, L-fucose and N-Acetylgalactosamine, which present in the lumen of the excretory duct of glands of quills of the porcupine, are known as a part of glycoprotein, which can inhibit the adherence of some bacteria and fungi to the surface epidermal cells (Sharon et al. 1981; McGavin et al. 1993; Ollert et al. 1993; Critchley and Douglas 1987) . ConA lectin presented strongly to very strong reaction in all parts of the gland, while UEA and SBA showed positive reaction in epithelium of excretory duct. PHA-E and PHA-L lectin exhibited a positive reaction in the lumen and superficial part of the excretory duct. In addition, PHA-E lectin also displayed strong positive reaction in connective tissue around and in the gland. DBA and SWGA had negative reaction (Qc: Quill canal, d: excretory duct, Ac: acini of the gland, CT: connective tissue). Transversal sections. Photomicrographs PHAE and PHAL are the lectins, which bind specifically for oligosaccharide of complex-type N-glycan (Hirabayashi et al. 2011; Gabius et al. 2011) . A role of complex type N-glycan for glands' secretory activity remains unclear, especially for the sebaceous glands, although some of its functions had been already studied, such as regulation of cellular proliferation and differentiation (Lau et al. 2007) , communication between cell and matrix (Leahy et al. 1996; Hynes 2002; Nagae et al. 2012) , and controlling of assembly and stabilization of the protein complexes in the adaptive immune system (Rudd et al. 1999) .
Several studies of a specialized gland which contained sebaceous part, such as infraorbital gland of the male barking deer (Adnyane et al. 2011 ) and scent gland of the Syrian hamster and the Mongolian gerbil (Aoki-Komori et al. 1994 ) showed that the gland was positive with many lectins, such as Con-A, RCA-I, PNA, SBA, UEA-I, DBA, and WGA. The distribution of these sugar residues may play an important role in territorial marking, and play a vital role in the production of odoriferous signals for animals ' communication, as well (Aoki-Komori et al. 1994; Adnyane et al. 2011 ). Such distribution was not observed in sebaceous glands of the porcupine quills in even though the size of glands is large. The lectin binding pattern in sebaceous gland of Sunda Porcupine was thought to play a role in coating the skin and quill, as well as to protect the skin surface from the environmental exposure, such as microorganisms, dust, etc.
The difference in intensity between male and female might be influenced by different hormonal activity between the sexes which affecting the activity of the sebaceous glands (Cunliffe and Forster 1987; Fritsch et al. 2001) . A study by Strauss et al. (1962) reveals that estrogen in female shows inhibition of the activity of the in vivo sebaceous glands. Figure 6 . Lectin binding in the excretory duct (upper and lower part) and acinar of the sebaceous gland. ConA lectin presented a strong to very strong reaction in the epithelium, lumen, and sebocytes, while UEA-I and SBA showed a weak to moderate reaction. PHA-E and PHA-L displayed a very low to low reaction in the epithelium and lumen, while DBA and SWGA had no reaction. The other lectin (UEA-I, SBA, PHA-L, DBA, SWGA) showed no positive reaction in acinar. (L: lumen, BE: basal epithelium, SbE, suprabasal epithelium, SE: superficial epithelium, db: debris, ms: mature sebocyte, ds: developing sebocyte). Transversal sections. Photomicrographs
In conclusion, the present findings on the distribution and intensity of lectin bindings might suggest a complex and active function of the sebaceous glands of quill follicles compared to those of the hair follicles in the Sunda Porcupine. The significance and function of alpha-D-Mannose, alpha L-fucose, α>β-N-Acetylgalactosamine and complex type N-glycan sugar residues in the sebaceous glands of quill follicles remain to be clarified in future studies. Additionally, these findings presented the type and distribution of sugar residues in the sebaceous glands of the quills.
